The Prairie Pothole Region of the northcentral United States and southcentral Canada is vital to the production of North American ducks; it contains only 10% of the continental breeding range but produces about 50% of the ducks (Smith et al. 1964 ). Duck production, however, has varied greatly among years because of changes in abundance of wetlands caused by erratic precipitation patterns (Crissey 1969 ) and because many wetlands have been drained. Agriculture and predators also affect duck production. Because of recent declines in numbers of several waterfowl species (U.S. Fish and Wildl. Serv. 1986) and low nest success rates documented in unpublished studies, biologists are concerned that too few ducks are being proThe Prairie Pothole Region of the northcentral United States and southcentral Canada is vital to the production of North American ducks; it contains only 10% of the continental breeding range but produces about 50% of the ducks (Smith et al. 1964 ). Duck production, however, has varied greatly among years because of changes in abundance of wetlands caused by erratic precipitation patterns (Crissey 1969 ) and because many wetlands have been drained. Agriculture and predators also affect duck production. Because of recent declines in numbers of several waterfowl species (U.S. Fish and Wildl. Serv. 1986) and low nest success rates documented in unpublished studies, biologists are concerned that too few ducks are being produced in the Prairie Pothole Region to maintain breeding populations at current levels.
Nest success rate is a critical determinant of duck production and size of the fall flight (Cowardin and Johnson 1979 , Johnson et al. 1987 ). Mortality of females, which is inversely related to nest success, and mortality of ducklings are also important factors.
The purpose of our study was to make regional estimates of nest success of mallard, gadwall, blue-winged teal, northern shoveler, and northern pintail from >15,000 records of nests found in the United States portion of the Prairie Pothole Region (Fig. 1) . Supplemental information on breeding population levels, nesting habitat availability, and habitat use by nesting duced in the Prairie Pothole Region to maintain breeding populations at current levels.
The purpose of our study was to make regional estimates of nest success of mallard, gadwall, blue-winged teal, northern shoveler, and northern pintail from >15,000 records of nests found in the United States portion of the Prairie Pothole Region (Fig. 1) 
Estimates of Nest Success
We calculated daily nest survival rates (DSR) for each combination of region, period, habitat, and species using the Mayfield (1961 Mayfield ( , 1975 method as modified by Johnson (1979) . Nests were excluded from the analysis if they were from areas where organized predator removal or predator exclusion was likely to have increased waterfowl production.
The variance of an estimated DSR is inversely proportional to the number of exposure days involved (Johnson 1979) . Among the various categories of nests, there was great variation in the number of exposure days and in the precision of the estimates. We used a linear model fit by the method of least squares (Snedecor and Cochran 1980) to improve imprecise estimates. The linear model allowed us to examine and exploit various relations among the categories of nests. Each value of DSR was weighted by the number of exposure days. We tested for significant (P < 0.05) main effects and 2-way interactions using analysis of variance and then fit a model with only significant effects included. Significant effects included main effects for region, period, habitat, and species, and interactions between region and species, period and habitat, and habitat and species. Because interactions between period and region and between period and species were not significant (P > 0.05), we concluded that differences in nest success among regions and among species were similar in all periods. We assumed that differences in success among habitats were similar for all regions. This assumption was necessary to estimate nest success for all habitats in all regions. As a consequence, for a given species and period, the habitat rankings were identical in each region. Therefore, the habitat differences presented from combined data for North Dakota apply to all regions.
Nest success was calculated by raising the model's predicted DSR to a power equal to the mean laying plus incubation periods for successful clutches. We used 35 days for mallards and gadwalls, 34 days for blue-winged teal and shovelers, and 32 days for pintails. Combined nest success estimates were obtained from weighted means of the constituent estimates. Weighting was needed to account for the number of nests in each habitat, the preference for each habitat, and the availability of habitats.
For each species in each region and period, nest initiations were apportioned among the various habitats as follows: let 0, = an estimate of the preference of the species for nesting in habitat i (described below), and Ai = an estimate of availability of habitat i. The proportion of total nests initiated in habitat i is estimated by P, = iA,i/Z;A,, where Pi is the product of preference and availability scaled so that P,i = 1.
Breeding Populations.--The number of nest initiations (initial and renesting attempts) by a given species in a particular region and period was considered to be proportional to the size of its breeding population. We therefore used estimates of breeding populations as weights for combining regions and periods. We used aerial survey data from the U.S. Fish and Wildlife Service (FWS) (Martin et al. 1979 ) to estimate mean annual breeding populations of each species in NDE and NDC by period. Estimates of breeding populations in other regions were not required because nest success data were not available for all periods.
The FWS reports breeding populations for 3 zones in North Dakota. We estimated mean pair densities for each zone and multiplied the mean densities by the size of the area that was encompassed by our regional boundaries. We then summed all estimates within each region to obtain estimates for the entire region. Annual estimates for each period were multiplied by the number of years involved to obtain numbers of breeding ducks. Habitat Preference.-We defined the preference of a particular species for a certain habitat.as the probability that a female will select that habitat for nesting, given that all habitats are equally available. Cowardin et al. (1985) examined the relative preference of mallards nesting in central North Dakota for 6 of the 8 habitats used in this analysis. That information and a relation between vegetation height and density, and mallard nest densities (Kirsch et al. 1978) , were used in a stochastic model of mallard productivity (Cowardin et al. 1983) . We executed the model on a data set with equal availabilities of all habitat classes to estimate relative preferences of the mallard for each of the 8 habitats.
We used the estimates of mallard preference described above in combination with data from the nest record file to estimate preference values for the other species. Because we did not know the area of each habitat that was searched for nests, we could not calculate relative densities directly from the nest record file. Instead, we assumed that within each habitat the proportion of nests found during search activities was similar for all species. To minimize the bias arising from species differences in nesting chronology, we used only nests that were found in habitats that were searched >2 times in NDC. Habitat preferences in NDC were applied to other regions that lacked sufficient samples of nests in all habitats to permit similar analysis.
For 2 habitats (e.g., A and B) let 0A and B = the true mallard preference values for A and B, respectively; 0A + OB = 1. Let NA and NB = the number of mallard nests found in habitats A and B, respectively. If equal areas of A and B were searched, then E(NA)/E(NB) = OA/OB, where E(N) denotes the expected value. If, however, unequal areas of each were searched, then:
where K is the ratio of the area of A that was searched to that of B. Similarly:
where the prime denotes a species other than the mallard. Solving equations (1) This method for providing estimates of preferences between 2 habitats is easily extended to estimates for >3 habitats. For n habitats, there are n -1 linearly independent preference values that can be estimated by solving a system of n -1 linear equations such as equation (3) (Table 4) . Mallards were least successful in cropland followed by hayland, odd area, and right-of-way. Predation was the principal cause of nest failure for mallards and all other duck species studied (Table   5 ).
Preferences of gadwalls for nesting habitats were similar to those of mallards (Table 2) . Nest success of gadwalls was about 2 x that of mallards except in SDC, where it was about 30% a Preference of a species for a habitat is the probability that a F will select that habitat for nesting, given that all habitats are equally available. higher (Table 3 ). Regional differences in gadwall nest success were similar to those of mallards. Gadwalls were most successful in cropland and idle grassland (Table 4) . Gadwalls were more successful than mallards in all habitats except idle grassland, where success was similar to that of mallards. Gadwalls nesting in hayland, rightof-way, and wetland were least successful. Blue-winged teal also preferred planted cover over other habitat classes (Table 2) . Blue-winged teal were more selective for grassland than mallards, gadwalls, and pintails. Cropland was least preferred. Nest success of blue-winged teal was similar to that of gadwall except in MNW, where it was 60% higher (Table 3) . Success was highest in SDE and SDC and lowest in NDE. Among habitats, success was lowest in cropland and varied little among the other 7 habitats (Table 4) .
Nesting habitat preferences of shovelers were similar to those of blue-winged teal (Table 2) . Nest success of shovelers was low and comparable to that of mallards in MNW, NDE, and SDE (Table 3) . In NDC and SDC, success of shovelers was higher than for any other species. Shovelers were most successful in grassland and idle grassland and least successful in hayland and wetland (Table 4) .
Preferred habitat of the pintail was planted cover; hayland ranked second and idle grassland was the least preferred ( Table 2 ). The preference of pintails for cropland was greater than that of the other species. Preference for cropland, although lower than for most other habitats, is important because cropland is highly available. Among regions, nest success rates for pintails were generally low and comparable to those of mallards (Table 3) . Success was somewhat higher for pintails than for mallards in cropland and grassland (Table 4) . Nest success in other habitats was similar for both species. In addition to predation, destruction by farm machinery also was an important cause of pintailnest loss (Table 5 ).
Regional and Temporal Differences in Nest
Success.-Our results suggest the following regional gradient in nest success (from lowest to highest): (1) MNW and NDE, (2) NDC, (3) SDE, (4) SDC (Table 3 ). Important exceptions were that nest success rates for blue-winged teal in MNW were similar to those in NDC, rates for pintails in SDE were similar to those in MNW, and rates for shovelers in SDE were lower than in NDC.
In regions where comparable data were available, nest success for gadwalls, blue-winged teal, and shovelers tended to be lowest in 1966-74 and highest in 1975-79; this trend was most evident in NDC (Table 3) . Differences among periods were small for mallards and pintails.
Nesting Results by Habitat.-We combined data from NDE and NDC to illustrate differences in nesting success among habitats. Samples in these 2 regions were larger and had better spatial and temporal distributions than the other regions.
Cropland was the most common habitat (Ta- ble 1) but the least preferred for nesting by all success of mallards in cropland was <5% in all species except pintail ( Table 2 ). The relative periods. Success rates for gadwalls and shovelers preference of nesting pintails for cropland was were derived from small samples and may not about 5% compared with <0.5% for the other be meaningful. Most of the nest losses occurring species. Cropland was also the most important in cropland were caused by predation or farmnesting habitat for pintails; 51-57% of their nests ing operations (Table 5) . were located there (Table 4) . Cropland accountHayland composed 3% of the available nested for <10% of the nests initiated by the other ing cover. Roughly 10% of the nest initiations species. Nests of blue-winged teal (n = 33) and of mallards and gadwalls but <8% of those of pintails (n = 107) made up 80% of all nests found the other species were in hayland (Table 4) . Nest in cropland. Nest success of these 2 species in success of mallards, gadwalls, shovelers, and pincropland ranged from 5 to 12% (Table 4) . Nest tails was always <10% and most often <5% Relatively few nests were initiated in rightof-way (Table 4) because of its scarcity (Table  1) . Nest success in right-of-way was generally low compared to that in other habitats (Table  4) (Table 4 ). Nest success rates were fairly consisi by predation but losses tent among periods, but were generally average rations were also impor-to below average, depending on the species. tant (Table 5) .
Grassland was the second most available nesting habitat (Table 1) . In most periods, mallards, gadwalls, blue-winged teal, and shovelers initiated more nests in grassland than any other habitat. Use of grassland by nesting pintails ranked second after cropland (Table 4) . Nest success in grassland was above average for shovelers and pintails and about average for the other species.
Less than 2% of all nest initiations occurred in idle grassland (Table 4) , reflecting its scarcity (Table 1 ) and low preference value (Table 2) . Nest success of all species was comparatively high in idle grassland.
Planted cover was the nesting habitat most preferred by all species (Table 2) , but like idle grassland it composed a small part of the available habitat (Table 1) . During 1966-74, approximately 25% of all mallard, gadwall, and shoveler nests were initiated in planted cover (Table 4 ). The importance of planted cover to nesting ducks declined when it became less available after 1966-74. In comparison to other habitats, nest success in planted cover was about average and was fairly stable throughout all periods.
DISCUSSION
The threshold level of nest success that will sustain a population depends on the survival rates of females and ducklings and the renesting rate, all of which are subject to species, regional, and temporal effects. Based on a model developed by Cowardin and Johnson (1979) , Cowardin et al. (1985) concluded that nest success of about 15% will maintain a mallard population for a long term in NDC. Maintenance of populations with nest success rates <15% requires immigration of breeding pairs from other regions. Similar estimates for other species and regions are lacking. In assessing this model, Cowardin and Johnson (1979) found that adult survival rates, nest success, and the number of renests are the most crucial parameters affecting population stability. Given roughly similar survival rates among species, the nest success rate necessary to maintain a population will depend largely on renesting potential. The threshold levels for mallards and pintails are likely similar because they nest early and are persistent renesters. The threshold for shovelers, blue-winged teal, and gadwalls is probably >15% because they are mid-to late-season nesters and have Differences among periods were usually <4 percentage points for all species, but ranged from 7 to 10 points for gadwalls, blue-winged teal, and shovelers in NDC. Gadwalls and bluewinged teal had consistently higher nest success rates than pintails and mallards. Rates for shovelers were higher than those for the other species in NDC and SDC but were similar to those for mallards in the other regions.
Nest success varied considerably among the 8 habitat classes in North Dakota (NDE and NDC combined). Success rates consistently approached or exceeded hypothetical threshold levels only in idle grassland and in grassland in 1975-79. Grassland was of major importance to all species studied because it was plentiful and nest success was relatively high. Idle grassland was of minor importance regionally because of its scarcity but may have been important locally because nest success was usually high. Wetland, odd area, and planted cover accounted for about 25% of the nest initiations by all species except pintails. Planted cover was by far the most preferred nesting habitat for all 5 species. Use was highest in 1966-74 because it was more common than in later periods. Because planted cover is highly preferred, it has a great potential for producing ducks if nest success can be increased. Nest success was usually lowest in cropland, hayland, and right-of-way. Use of these 3 habitats was generally low, but pintails initiated >50% of their nests in cropland and mallards and gadwalls initiated between 9 and 13% of their nests in hayland. Losses of grassland, wetland, odd area, and planted cover habitats due to intensive farming practices may cause more ducks to nest in cropland and hayland where nests are exposed to increased risk by predation and farming operations.
Predators were the most important cause of nest losses in all regions and in all habitats. Farming operations caused appreciable losses in cropland and hayland. The most important egg predators common to all regions studied were red fox (Vulpes vulpes), striped skunk (Mephitis mephitis), mink (Mustela vison), raccoon (Procyon lotor), badger (Taxidea taxus), and Franklin's ground squirrel (Spermophilus franklinii) (Sargeant and Arnold 1984) . Coyotes (Canis latrans) were present locally, most often in the western parts of NDC and SDC, and reduce red fox predation on female ducks and eggs (Sargeant and Arnold 1984). The same authors thought the red fox had the greatest impact on nest success of upland nesting ducks. Variation in nest success rates among regions was most likely a result of differences in the size and composition of predator populations and differences in the abundance and distribution of their alternative foods.
MANAGEMENT IMPLICATIONS
Establishing planted cover and managing native prairies are standard procedures for providing nesting cover on managed wildlife lands in the Prairie Pothole Region. Our results substantiate the value of these 2 habitats for nesting ducks. Of the 8 habitats considered, planted cover was the most preferred and success was highest for ducks nesting in idle prairie grassland. Nest success in both habitats, however, was too low to meet goals for duck production on managed lands. Region-wide, the "sodbuster," "swampbuster," and Conservation Reserve provisions of the 1985 farm bill may reduce losses of grassland and wetland habitats and increase the amount of planted cover in the Prairie Pothole Region of the United States. As a result of these programs, we predict a greater proportion of duck nests will be initiated in planted cover, as occurred in 1966-74, but a minimal impact on duck populations will occur unless mammalian predation is reduced. Predation on nesting ducks and their eggs may be reduced naturally if expanding coyote populations serve to control fox populations through competition (Sargeant and Arnold 1984) . Increased use of conservation tillage, especially no-till winter wheat, may provide safer nesting habitat for ducks nesting in cropland. Duebbert and Kantrud (1987) reported a success rate of 29% for 150 duck nests found in 2,300 ha of no-till winter wheat in North Dakota in 1984-85.
The wetland base in the Prairie Pothole Region of the United States is adequate to attract large numbers of breeding ducks, but our results implicate low nest success as a factor limiting population maintenance or growth. Nest success in future years will vary with farming practices and predator populations unless suitable management practices can be developed and applied.
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